For medium term conservation o f horti cul tura1 species, various routine techniques a r e now employed extensively. For long term conservation, cryopreservation (-196°C) i s presently the only technique available. I t h a s been applied t o more t h a n 40 h o r t i c u l t u r a l s p e c i e s . However, i t s routine use s t i l l remains exceptional. The c u r r e n t development of new storage techniques i s discussed.
Introduction
During the l a s t ten y e a r s , the importance of i n v i t r o c u l t u r e techniques increased dramatically, since they have been applied t o more t h a n 1 O00 p l a n t species. This way o f propagation i s indeed very i n t e r e s t i n g f o r large s c a l e production as well as f o r genetic resources conservation, due t o i t s numerous advantages : h i g h . m u l t i p l i c a t i o n r a t e s , culture i n aseptic conditions, production o f v i r u s -f r e e material, reduction o f surface a n d costs in labour a n d f i n a n c i a l terms, e t c . . . I n v i t r o c u l t u r e i s now used f o r industri 1 propagation i n 8 a g r i c u l t u r e and h o r t i c u l t u r e . Indeed, 212 10 plants have been produced in Europe in 1988 using t h i s method ( A n o n . . 19901, including many ornementals. The storage o f i n v i t r o material becomes now a n imperative necessity, i n order t o face the two major following problems : laboratory management, with the constant creation of new clones, the maintenance o f those which a r e not multiplied f o r a given period o f time a n d the seasonal production of many species ; r i s k s of g e n e t i c v a r i a t i o n , which increase w i t h the culture duration .in axenic conditions. a n d can lead t o the production of plants which a r e . n o t t r u e t o type.
I n t h i s paper, we'wi11 .make a rapid survey of t h e varïous methods s e t u p f o r the conservation o f p l a n t organs produced i n v i t r o , focusing our a t t e n t i o n on the horticultural species.
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The t e c h n i q u e s a r e d i f f e r e n t
depending on t h e s t o r a g e d u r a t i o n r e q u e s t e d . For s h o r t t o medium t e r m c o n s e r v a t i o n ( s e v e r a l months t o 2-
3 y e a r s ) , g r o w t h r e d u c t i o n w i l l be sought, i n o r d e r t o i n c r e a s e t h e i n t e r v a l s between s u b c u l t u r e s . T h i s s t o r a g e can be c a r r i e d o u t i n a c o l d room o r i n a s t a n d a r d c u l t u r e chamber. V a r i o u s p a r a m e t e r s , t e m p e r a t u r e b e i n g t h e m o s t commonly used, can be m o d i f i e d , i n o r d e r t o 1 i m i t organogenesis. They a r e employed t o g e t h e r o r s e p a r a t e l y . F o r l o n g t e r m c o n s e r v a t i o n , cryopr.eservation, t h a t i s s t o r a g e a t u l t r a -l o w f i
. t e m p e r a t u r e , g e n e r a l l y t h a t o f l i q u i d n i t r o g e n (.LN, -196"C), i s t h e o n l y method c u r r e n t l y a v a i l a b l e . A t t h i s temperature, a l 1 ce1 1 t d i v i s i o n s and m e t a b o l i c processes a r e stopped. The m a t e r i a l can t h u s . be conserved w i t h o u t a l t e r a t i o n s M" m o d i f i c a t i o n s f o r t h e o r e t i c a l l y i l l i m i t e d p e r i o d s o f t i m e . Moreover, t h e c u l t u r e s a r e s t o r e d i n a s m a l l volume, s h e l t e r e d f r o m contaminations, w i t h a v e r y l i m i t e d maintenance. T h i s t e c h n i q u e w i l l be used f o r t h e c o n s e r v a t i o n o f m a t e r i a l w i t h i m p o r t a n t c h a r a c t e r i s t i c s d u r i n g extended p e r i o d s .
,:
2. S h o r t and medium t e r m s t o r a s e 2 . 1 The main parameters 2 . 1 . 1 Temperature
Growth r e d u c t i o n i s general l y o b t a i n e d by 1 oweri ng t h e c u l t u r e t e m p e r a t u r e t o 0/5*C. f o r p l a n t s f r o m temperate c l i m a t e s . w h i c h a r e c o l d r e s i s t a n t . S u b c u l t u r e s can thus be avoided f o r i m p o r t a n t d u r a t i o n s . up t o 5 1 months a s i n t h e case o f Malus domestica p l a n t l e t s ( D r u a r t , 1985). W i t h s u b -t r o p i c a l o r t r o p i c a l p l a n t s , t h e s t o r a g e temper.ature must be h i g h e r ( 8 t o 20°C>, depending on t h e c o l d s e n s i t i v i t y o f t h e s p e c i e s . L i g h t i n t e n s i t y r e d u c t i o n o r s u p p r e s s i o n a r e o f t e n l y used c o n c o m i t a n t l y w i t h temperature r e d u c t i o n .
2.1.2 Cul t u r e medi um V a r i o u s m o d i f i c a t i o n s can be made t o t h e s t a n d a r d c u l t u r e medium, such as : l o w e r i n g t h e sugar and/or m i n e r a l elements c o n c e n t r a t i o n : a d d i n g c r y o p r o t e c t i v e o r osmotic agents (manni t o 1 , sucrose) : growth r e t a r d a n t s (ABA, p a c l o b u t r a z o l ) . F i n a l l y , o t h e r substances such a s a c t i v a t e d c h a r c o a l can be used.
M o d i f i c a t i o n o f gaseous environment
S e v e r a l methods e x i s t , which a l l o w t o l i m i t t h e q u a n t i t y o f oxygen a v a i l a b l e t o t h e c u l t u r e s . The e a s i e s t way c o n s i s t s i n c o v e r i n g t h e e x p l a n t s w i t h a l a y e r o f m i n e r a l o i l ( C a p l i n , 1959). However, i t s use w i t h d i f f e r e n t i a t e d c u l t u r e s poses some problems, t h e r e g r o w t h o f t h e e x p l a n t s a f t e r t h e s t o r a g e p e r i o d b e i n g i n one case suppressed 1991 l . A n o t h e r method c o n s i s t s i n l o w e r i n g t h e p a r t i a l oxygen p r e s s u r e , by r e d u c i n g t h e a t m o s p h e r i c pressure i n t h e c u l t u r e chamber o r by i n j e c t i n g a m i x t u r e o f n i t r o g e n and oxygen ( c o n t r o l l e d atmosphere).
The f i r s t experiments have been c a r r i e d o u t by Bridgen and Staby (1981) w i t h tobacco and chrysanthemum p l a n t s , which c o u l d be s t o r e d f o r 6 weeks under 1.3 % oxygen. More r e c e n t l y , t h i s t e c h n i q u e w a s s u c c e s s f u l l y a p p l i e d f o r a 4 month s t o r a g e p e r i o d under 1% oxygen of o i l palm s o m a t i c embryos (Engelmann, 1990a) . Regnard e t a ? . (1990) c o u l d s t o r e peach shoots under hypoxia f o r up t o 6 m o n t h s . , T h i s method seems p a r t i c u l a r l y i n t e r e s t i n g f o r t r o p i c a l p l a n t s , f o r which t e m p e r a t u r e r e d u c t i o n cannot be a p p l i e d , due t o t h e i r c o l d s e n s i t i v i t y . The e x p l a n t s must have a minimal s i z e . g e n e r a l l y ' m o r e t h a n 1 cm. The presence o f r o o t s i n c r e a s e s o f t e n l y t h e s u r v i v a l p o t e n t i a l i t i e s . as observed w i t h v a r i o u s m a t e r i a l s .
R e s u l t s
The t e c h n i q u e s d e s c r i b e d above a r e now r o u t i n e l y employed i n t h e l a b o r a t o r i e s , b u t o n l y a few papers a r e p u b l i s h e d on t h i s s u b j e c t . Table 1 p r e s e n t s a l i s t o f h o r t i c u l t u r a l crops f o r which r e s e a r c h on s l o w g r o w t h s t o r a g e has been p u b l i s h e d . For more complete r e f e r e n c e s , see n o t a b l y A i t k e n -C h r i s t i e and Singh (1987). W i l k i n s e t a ? . (19891, Engelmann ( 1 9 9 1 1.
Lonq t e r m c o n s e r v a t i o n

C l a s s i c a l p r o t o c o l s A s t a n d a r d c r y o p r e s e r v a t i o n p r o t o c o l i s a s o p h i s t i c a t e d process
which comprizes s e v e r a l successive s t e p s : choice and obtainement o f s t a r t i n g m a t e r i a l , p r e t r e a t m e n t , f r e e z i n g , st'orage, thawing, and p o s tt r e a t m e n t , f o r which o p t i m a l c o n d i t i o n s have t o be d e f i n e d w i t h each new s p e c i e s . A l l these procedures have a l r e a d y been d e s c r i b e d i n d e t a i l s i n many r e v i e w a r t i c l e s ( s e e Kartha, 1985 : Dereuddre and Engelmann, 1987 1. I n t h e case o f h o r t i c u l t u r a 1 s p e c i e s , c r y o p r e s e r v a t i o n has been a p p l i e d t o more t h a n 50 d i f f e r e n t s p e c i e s , i n t h e f o r m o f c e l l suspensions, c a l l u s e s , meristems, somatic, p o l l i n i c and z y g o t i c embryos ( t a b l e 2). However, i n many cases, r e s i s t a n c e t o f r e e z i n g i n LN has been p r o v e d a t t h e l a b o r a t o r y l e v e l , b u t i t does n o t n e c e s s a r i l y i m p l y t h a t t h i s t e c h n i q u e i s e f f e c t i v e l y used f o r t h e germplasm s t o r a g e o f many s p e c i e s . The f i r s t two examples o f e x p e r i m e n t i n g c r y o p r e s e r v a t i o n as a r o u t i n e technique concern o i l palm (Engelmann, 1990b) and cassava (Roca e t a l . , 1991). 3.2 New c r y o p r e s e r v a t i o n t e c h n i q u e s Standard c r y o p r e s e r v a t i o n t e c h n i q u e s a r e very o f t e n l y c o m p l i c a t e d .
I . 3
The a i m o f t h e s e new f r e e z i n g t e c h n i q u e s i s t o l o o k f o r e v e n t u a l s i m p l i f i c a t i o n s o f t h e s t a n d a r d p r o t o c o l s . 1990 ; Fabre and Dereuddre. 1990) . The e x p l a n t s which have t.0 be f.rozen a r e e n c a p s u l a t e d i n a l g i n a t e beads. The beads a r e p r e t r e a t e d w i t h h i g h sucrose c o n c e n t r a t i o n s , dehydrated under the l a m i n a r f l o w , f r o z e n e i t h e r s l o w l y o r r a p i d l y . A f t e r slow thawing, d i r e c t r e g r o w t h of t h e embedded meristems i s o b t a i n e d on s t a n d a r d medium.
. 2 . 1 Encapsul a t i o n / d e h y d r a t i o n T h i s t e c h n i q u e i s adapted from t h e " s y n t h e t i c seed" t e c h n o l o g y . I t has been developed w i t h pear and p o t a t o meristems (Oereuddre e t a ? . ,
T h i s t e c h n i q u e may p r o v e i n t e r e s t i n g i n two s i t u a t i o n s : f o r m a t e r i a l s w h i c h a r e r e c a l c i t r a n t t o s t a n 1990 ). V i t r i f i c a t i o n r e q u i r e s v e r y h i g h c o n c e n t r a t i o n s o f c r y o p r o t e c t i v e substances and u1 t r a -r a p i d f r e e z i n g . and t h a w i n g r a t e s . Only a l i m i t e d number o f papers have been p u b l i s h e d c o n c e r n i n g t h e v i t r i f i c a t i o n o f p l a n t s p e c i e s . The main advantage o f t h i s t e c h n i q u e i s t h e s i m p l i f i c a t i o n of t h e f r e e z i n g s t e p . However, t h e use o f v e r y h i g h c r y o p r o t e c t a n t c o n c e n t r a t i o n s r e q u i r e s a v e r y ' p r e c i s e t i m i n g d u r i n g . t h e i r a d d i t i o n and t h e i r d i l u t i o n , p r e s e n t l y 'making i t f a r f r o m b e i n g e x t e n s i v e l y and e a s i l y u s a b l e i n a n e a r f u t u r e .
3.2.3
Use o f a domestic f r e e z e r The l a s t t e c h n i q u e c o n s i s t s i n t h e u t i l i z a t i o n o f a domestic f r e e z e r as replacement f o r t h e programmable freez.ing a p p a r a t u s . I t has been developed by Tessereau e t a l . (1990) u s i n g c a r r o t and c o f f e e c e l l suspensions and s o m a t i c embryos. A f t e r t h e p r e t r e a t m e n t , t h e samples a r e p l a c e d f o r 24 hours i n a commercial f r e e z e r , before immersion i n LN. Rapid r e g r o w t h of t h e m a t e r i a l has been o b t a i n e d .
Concl u s i on Medium t e r m c o n s e r v a t i o n techniques a r e now r o u t i n e l y used i n commercial l a b o r a t o r i e s , due t o t h e i r immediate advantages and t h e l o w necessary i n v e s t m e n t s . C r y o p r e s e r v a t i o n has been developed f o r numerous s p e c i e s a t t h e experimental l e v e l , b u t i t s u t i l i z a t i o n s t i l l remains e x c e p t i o n a l . Indeed, t h e s e t t i n g up of a c r y o p r e s e r v a t i o n p r o t o c o l i s o f t e n l y t i m e consuming and s o p h i s t i c a t e d equipment i s o f t e n l y necessary. However, i t s use becomes o b l i g a t o r y i n t h e case o f l a r g e c o l l e c t i o n s . Ongoing researches a i m a t s i m p l i f y i n g t h e s t a n d a r d f r e e z i n g p r o c e d u r e s . by d e v e l o p i n g a l t e r n a t i v e techniques.
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The i n t e g r a t i o n o f c o n s e r v a t i o n t e c h n i q u e s i n t h e management o f a t i s s u e c u l t u r e l a b o r a t o r y r e q u i r e s p r e l i m i n a r y researches. These works a r e developed c u r r e n t l y , n o t a b l y i n i n t e r n a t i o n a l c e n t e r s , which a r e i n t h e process o f s e t t i n g up in v i t r o c o l l e c t i o n s f o r v a r i o u s s p e c i e s .
It i s i n t e r e s t i n g t o observe t h a t r e s e a r c h works concerning . c o n s e r v a t i o n a r e more o f t e n l y c a r r i e d o u t i n c o n n e c t i o n w i t h t e c h n i c a l 9 i n s t i t u t e s , w h i c h a r e d i r e c t l y i n v o l v e d i n c o n s e r v a t i o n . T h i s
e v o l u t i -o n should. ,a.l.l.ow i n a n e a r f u t u r e f o r t h e p o s s i b l e . u t i l i . z a t i o n o f proven s t o r a g e t e c h n i q u e s i n commercial l a b o r a t o r i e s .
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CONSERVATION I N VITRO DES ESPECE HORTICOLES
Rhume
La conservation de matériel végétal produit i n v i t r o peut ê t r e envisagée pour l e moyen ou l e long terme. Pour une conservation à moyen terme, les techniques c l a s s i q u e s u t i l i s e n t principalement, séparément ou conjointement, l'abaissement de l a température, de 1 ' i n t e n s i t é lumineuse, e t d' eventuelles modifications du milieu de c u l t u r e . Ces techniques sont couramment employées. dans l e s l a b o r a t o i r e s de recherche e t de production. Pour l a conservation & long terme, s e u l e l a cryoconservation (stockage la température de l ' a z o t e l i q u i d e , -196OC) e s t actuellement u t i l i s a b l e . La r é s i s t a n c e à l a congélation dans l ' a z o t e l i q u i d e a éti! obtenue pour p l u s de 50 espèce h o r t i c o l e s d i f f é r e n t e s , s o u s forme de suspensions c e l l u l a i r e s , cals, méristèmes et embryons. Cependant, son u t i l i s a t i o n en r o u t i n e reste encore exceptionelle. 
A c t i n i d i a c h i n e n s i s A c t i n i d i a c h i n e n s i s c v . Hayward C i t r u s s p p .
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Co 7 ocas i a C r y p t oco r i ne
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Eucap7ytus s p p 333 ! Table 2 -L i s t o f h o r t i c u l t u r a l species which have been cryopreserved i n t h e form of c e l l suspensions ( a ) , c a l l u s e s ( b ) . meristems ( c l , somatic ( d ) . pollen ( e > a n d zygotic embryos ( f ) . 
Da t u r a s t ramon i um D i g i t a l i s l a n a t a Dioscorea d e l t o i d e a Glaucium f7avium
( b ) c a l l u s e s 
C i t r u s s i n e n s i s Picea a b i e s Picea glauca ( e ) pollen embryos
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